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greater variance in RMS deviation, suggesting the S-methyl group may induce some structural 
fluctuations. The sugar puckers of the RNA complements maintain C3 '-endo puckering throughout 
the simulation. As expected from the nucleoside calculations, however, significant differences are 
noted in the puckering of the OMe_DNA and SMe_DNA strands, with the former adopting C3'- 
endo, and the latter, Cr-exo/C2'-endo conformations. 

[0087] An analysis of the helicoidal parameters for all three hybrid structures has also been 
performed to further characterize the duplex conformation. Three of the more important axis- 
basepair parameters that distinguish the different forms of the duplexes, X-displacement, propeller 
twist, and inclination, are reported in Table 2. Usually, an X-displacement near zero represents a 
B-form duplex; while a negative displacement, which is a direct measure of deviation of the helix 
from the helical axis, makes the structure appear more A-like in conformation. In A-form duplexes, 
these values typically vary from -4A to -5 A. In comparing these values for all three hybrids, the 
SMe_DNA:RNA hybrid shows the most deviation from the A-form value, the OMe_DNA:RNA 
shows the least, and the DNA:RNA is intermediate. A similar trend is also evident when comparing 
the inclination and propeller twist values with ideal A-form parameters. These results are further 
supported by an analysis of the backbone and glycosidic torsion angles of the hybrid structures. 
Glycosidic angles (X) of A-form geometries, for example, are typically near -159° while B form 
values are near -102°. These angles are found to be -162 133°, and -108° for the OMe_DNA, 
DNA, and SMe_DNA strands, respectively. All RNA complements adopt an X angle close to - 1 60 ° . 
In addition, "crankshaft" transitions were also noted in the backbone torsions of the central UpU 
steps of the RNA strand in the SMe_DNA:RNA and DNA;RNA hybrids. Such transitions suggest 
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some local conformational changes may occur to relieve a less favorable global conformation. 
Taken overall, the results indicate the amount of A-character decreases as 
OMe_DNA:RNA>DNA:RNA>SMe_DNA:KNA, with the latter two adopting more intermediate 
conformations when compared to A- and B-form geometries. 



Table 2 

Average helical parameters derived from 
the last 500 ps of simulation time, 
(canonical A-and B-form values are given for comparison) 
Helicoidal B-DNA B-DNA A-DNA DNA:RNA OMe_DNA: SMe_DNA: 

Parameter (x-ray) (fibre) (fibre) RNA RNA 

X-disp 1.2 0.0 -5.3 -4.5 -5.4 -3.5 

Inclination -2.3 1.5 20.7 11.6 15.1 0.7 

Propeller -16.4 -13.3 -7.5 -12.7 -15.8 -10.3 

[0088] Stability of C2'-modified DNA:RNA hybrids was determined. Although the overall 
stability of the DNA:RNA hybrids depends on several factors including sequence-dependencies and 
the purine content in the DNA or RNA strands DNA:RNA hybrids are usually less stable than 
RNA:RNA duplexes and, in some cases, even less stable than DNA:DNA duplexes. Available 
experimental data attributes the relatively lowered stability of DNA:RNA hybrids largely to its 
intermediate conformational nature between DNA:DNA (B-family) and RNA:RNA (A-family) 
duplexes. The overall thermodynamic stability of nucleic acid duplexes may originate from several 
factors including the conformation of backbone, base-pairing and stacking interactions. While it is 
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difficult to ascertain the individual thermodynamic contributions to the overall stabilization of the 
duplex, it is reasonable to argue that the major factors that promote increased stability of hybrid 
duplexes are better stacking interactions (electrostatic 7r-7t_interactions) and more favorable groove 
dimensions for hydration. The C2'-S-methyl substitution has been shown to destabilize the hybrid 
duplex. The notable differences in the rise values among the three hybrids may offer some 
explanation. While the 2'-S-methyl group has a strong influence on decreasing the base-stacking 
through high rise values (-3.2 A), the 2'-0-methyl group makes the overall structure more compact 
with a rise value that is equal to that of A-form duplexes (~2.6 A). Despite its overall A-like 
structural features, the SMe_DNA:RNA hybrid structure possesses an average rise value of 3.2 A 
which is quite close to that of B-family duplexes. In fact, some local base-steps (CG steps) may be 
observed to have unusually high rise values (as high as 4.5A). Thus, the greater destabilization of 
2'-S-methyl substituted DNA:RNA hybrids may be partly attributed to poor stacking interactions. 
[0089] It has been postulated that RNase H binds to the minor groove of RNA:DNA hybrid 
complexes, requiring an intermediate minor groove width between ideal A- and B-form geometries 
to optimize interactions between the sugar phosphate backbone atoms and RNase H. A close 
inspection of the averaged structures for the hybrid duplexes using computer simulations reveals 
significant variation in the minor groove width dimensions as shown in Table 3. Whereas the O- 
methyl substitution leads to a slight expansion of the minor groove width when compared to the 
standard DNArRNA complex, the S-methyl substitution leads to a general contraction 
(approximately 0.9 A). These changes are most likely due to the preferred sugar puckering noted for 
the antisense strands which induce either A- or B-like single strand conformations. In addition to 
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